Parameters
• PAM sequence requirement (default: NGG) Target sequences adjacent to the specified PAM sequence are searched using regular expression pattern matching. Currently an arbitrary 3 nt sequence using IUB codes (N, R, Y, ...) can be specified.
• Specificity check database The database used for checking on-target and off-target sites.
Databases for specificity checking
• Human (Homo sapiens) genome, GRCh37/hg19 (Feb, 2009) 
Counting the number of target sites
The number of target sites in the genome is counted using Jellyfish (Marçais and Kingsford, 2011) , a fast, parallel k-mer counting tool for DNA sequences. Jellyfish is based on a multithreaded, lockfree hash table optimized for counting k-mers up to 31 nt. The hash tables for 23, 15, and 11-mers were created for counting the number of hits with perfect matches for each target sequence (20mer) or their seed sequence (12mer or 8mer) adjacent to the PAM (3mer), respectively. The hash tables were stored on solid state drive (SSD) in order to make lookup faster.
Detailed list of off-target sites
A detailed list of off-target candidates (Fig. 1E ) are shown using GGGenome (http://GGGenome.dbcls.jp/) REST API:
http://GGGenome.dbcls.jp/db/k/sequence[.format] db: genome database k: maximum number of mismatches and gaps sequence: nucleotide sequence format: html, txt, json
GGGenome quickly searches short nucleotide sequences utilizing suffix arrays and inverse suffix links indexed on solid state drive (SSD). The positions of the mismatches and gaps are visualized so users can predict the potency of off-target editing.
API
CRISPRdirect results can be directly retrieved in HTML, tabdelimited text or JSON format by simply POSTing the following values to http://crispr.dbcls.jp/ using any kind of language or script.
• userseq (Required) A nucleotide sequence; FASTA format or a plain nucleotide sequence up to 10 kbp. sample value: ggctgccaagaacctgcaggaggcagaaga… • accession (Optional) Retrieve sequence mode. Set an accession number to retrieve sequence from GenBank instead of designing CRISPR/Cas targets. Genome location is also accepted for hg19, mm10, rn5, galGal4, xenTro3, danRer7, ci2, dm3, ce10 and sacCer3. The variable userseq should be null. The variable format should be 'html' or 'txt'. sample value: NM_001187, hg19:chr7:900000-901000 • pam (Optional) An arbitrary 3 nt sequence using IUB codes can be specified. sample value: NGG (default), NAG, … 
